Background: fear of falling is prevalent among older people and associated with various health outcomes. A growing number of studies have examined the effects of interventions designed to reduce the fear of falling and improve balance among older people, yet our current understanding is restricted to physiological interventions. Psychological interventions such as cognitive behavioural therapy (CBT) have not been reviewed and meta-analysed. Objective: to perform a systematic review and meta-analysis evaluating the effects of CBT on reducing fear of falling and enhancing balance in community-dwelling older people. Method: randomised controlled trials (RCTs) addressing fear of falling and balance were identified through searches of six electronic databases, concurrent registered clinical trials, forward citation and reference lists of three previous systematic reviews. Results: a total of six trials involving 1,626 participants were identified. Four studies used group-based interventions and two adopted individual intervention. Intervention period ranged from 4 to 20 weeks, and the number and duration of faceto-face contact varied. Core components of the CBT intervention included cognitive restructuring, personal goal setting and promotion of physical activities. The risk of bias was low across the included studies. Our analysis suggests that CBT interventions have significant immediate and retention effects up to 12 months on reducing fear of falling, and 6 months postintervention effect on enhancing balance. Conclusions: CBT appears to be effective in reducing fear of falling and improving balance among older people. Future researches to investigate the use of CBT on reducing fear of falling and improving balance are warranted.
Introduction
Fear of falling refers to the fearful anticipation of falls. It is common among community-dwelling older people with an estimated prevalence of 29-76% [1] [2] [3] [4] [5] . Excessive fear of falling can lead to reduced balance performance [3, 6] , limited activity levels [6, 7] , restricted social participation [8, 9] and compromised quality of life [8, 10] .
Three recent systematic reviews have provided evidences on interventions aimed at reducing fear of falling among older people [11] [12] [13] . Two principal forms of interventionphysiological interventions such as balance exercise, and psychological interventions such as cognitive behavioural therapy (CBT)-were adopted in the reviewed clinical trials. The evidence from these three systematic reviews suggests that it is possible to reduce the fear of falling among older people. However, the effect sizes of the interventions on reducing fear of falling were not synthesized in these reviews.
To provide a precise understanding, Kumar et al. [14] reviewed 25 randomised and quasi-randomised controlled trials with exercise interventions on reducing fear of falling. The synthesized effect sizes were small to moderate (standardized mean difference (SMD) 0.37, 95% CI 0.18-0.56) and the effects did not vary by type, frequency or duration of intervention. However, effects of psychological interventions aimed at reducing fear of falling among older people, such as CBT, have not been reviewed specifically or synthesized.
CBT is a psychotherapeutic intervention aimed at modifying individuals' thoughts and behaviour. People with fear of falling might have self-defeating thinking such as overpessimistic views regarding the consequences of falls and low fall-related efficacy. CBT could help altering those maladaptive believes and directing to adaptive behaviours such as exercising regularly in safe manners. However, our current state of knowledge about the effects of CBT in reducing fear of falling among older people is limited to the narrative evidence presented in the previous reviews [11] [12] [13] in which only included two randomised controlled trials (RCTs) with CBT interventions [15, 16] .
Kumar et al.'s [14] systematic review and meta-analysis focused on the effects of exercise therapy on reducing fear of falling but the reviewed interventions did not beyond the scope of habitual physiotherapy. The three previous systematic reviews [11] [12] [13] have reported the effect of interventions on fear of falling, finding that CBT had shown beneficial results, but none has systematically reviewed and synthesized the effect of CBT on improving balance. Thus, we conducted a systematic review and meta-analysis to evaluate and synthesize the effects of CBT for reducing fear of falling and improving balance among older people.
Methods
This review protocol was registered in the PROSPERO database of systematic reviews (registration number CRD42017069111).
Eligibility criteria

Types of participants
Trials with a majority of community-dwelling older people aged >60 were included. The cut-off point of 60 years was determined according to the United Nations definition [17] .
Types of interventions
CBT is defined as a psychotherapeutic technique with a cognitive restructuring component with or without behavioural modification procedures.
Types of comparators
Trials compared CBT with an inactive control or compared exercise therapy with and without CBT were included. We defined exercise therapy, with reference to the Medline Subject Heading, as physical activities designed to achieve specific therapeutic goals with the purpose of restoring, maintaining, or improving normal musculoskeletal functions.
Types of outcome measures
Trials with at least one validated measure of either fear of falling or balance at both baseline and post-intervention were included. If more than one validated measure was used, priority was given according to the following rules:
(a) For fear of falling, the primary measures were the falls efficacy scale (FES) [18] and the activities-specific balance confidence (ABC) scale [19] , then any other validated measure. (b) For balance, the primary measure was the Berg balance scale (BBS) [20] and then any other validated measure.
Types of studies
All RCTs published in a peer-reviewed journal were included.
Excluded studies
Studies using a population with a specific disease or condition such as cerebral vascular disease, or psychological treatment that did not include a cognitive restructuring component were excluded.
Data source and searches
In October 2017, six electronic bibliographic databases were searched including MEDLINE, CINAHL, PubMed, Web of Science, EMBASE, and Cochrane Library. Combinations of text words and MeSH terms as the search strategy is shown in Supplementary data, Appendix 1, available in Age and Ageing online. We also screened the concurrent clinical trials on the 'clinicaltrials.gov' website and reference lists of the selected studies and the previous systematic reviews [11] [12] [13] . Forward citation search of selected studies was checked for additional eligible studies.
Study selection
Titles, abstracts and full texts of the selected articles were independently screened by two authors.
Data extraction
Two authors independently extracted data on the methodology and outcome measures using a standardized data extraction sheet.
Methodological quality
The included studies were independently rated by two authors using the Risk of Bias Tool in the Cochrane Handbook for Systematic Reviews of Interventions [21] .
Statistical analyses
For the immediate effect, the mean change scores were calculated by subtracting the mean score of the post-intervention CBT group from the mean score of the control group, and then dividing the result by the pooled standard deviation of the two groups with a confidence interval of 95%. For the retention effect, the mean change scores of studies that included short-term follow-up (last follow-up <6 months or midway follow-up at 6 months) or long-term follow-up (last follow-up ≥6 months) were calculated by subtracting the mean score of the CBT group from the mean score of the control group, and then also dividing the result by the pooled standard deviation of the two groups with a confidence interval of 95%. We used the Comprehensive Meta-Analysis software (version 2.0, Biostat Inc.) to calculate the pooled mean effect sizes. The effect sizes were defined as small (0.2), medium (0.5), or large (>0.8) [22] . The random effects models were adopted.
Testing homogeneity
Heterogeneity was estimated using I-squared (I 2 ) and Q-statistics. The I 2 value of 25, 50 and 75% represent low, moderate and high heterogeneity, respectively.
Subgroup analysis
A predefined subgroup analysis would be conducted if ≥2 trials available to determine the differences in outcomes between individual CBT and group-based CBT using mixed effects models.
Sensitivity analysis
Sensitivity analyses were conducted to analyse betweengroups effect sizes by removing trials that compared exercise with and without CBT.
Risk of bias across studies
We inspected the publication bias using funnel plots and Egger's regression test if ≥10 trials were identified to ensure power adequacy [23] . The Fail-Safe N analysis would be performed if <10 trials.
Results
Study selection
A total of 233 publications were identified from the electronic database of which 24 were removed as duplicates. An additional study [15] was identified in the reference list of a previous review [13] . The full texts of the remaining 10 studies were assessed, of which six were included in our systematic review and five in our meta-analysis ( Figure 1 ).
Study characteristics
The characteristics of the six included studies are summarized in Table 1 (please see Table 1 , Appendix 2, in the supplementary data, available in Age and Ageing online).
Participants
The six reviewed studies included a total of 1,626 participants with mean age of 75.71 (74% female, n = 1,208; sample size 80 to 434) mainly recruited from the general community (n = 1,546, 95%). At baseline, one study [24] (n = 122) included subjects with at least one episode of fall in the year before the study. Two studies (n = 266) reported that 18% [25] and 56% [26] of participants had at least one fall episode in the year before the studies began. Two studies reported that 23% [15] and 61% [27] of participants had at least one fall episode 3 months and 6 months before the studies began respectively.
Intervention
Four studies [15, [24] [25] [26] adopted group-based interventions and two [27, 28] adopted individual interventions. Five studies [15, [24] [25] [26] 28 ] used face-to-face contact and one study [27] used both face-to-face and telephone contact. The length of intervention ranged from four to 20 weeks, and the number of face-to-face sessions ranged from three to nine with durations of 20-120 min.
The core components of the CBT interventions included cognitive restructuring, personal goal setting and promotion of physical activities. The CBT interventions of three studies [25] [26] [27] were delivered by nurses.
Comparisons
Of four studies [15, 24, 27, 28] with two intervention arms, three studies compared CBT with inactive control [15, 27, 28] and one study compared the combined use of CBT and Tai Chi with Tai Chi alone [24] . Two further studies were threearm trials in which CBT was compared with care-as-usual and CBT with Tai Chi [25, 26] . The mean follow-up period from immediate post-intervention to final measurement was 9.00 ± 4.12 months, ranging from 4 to 12 months.
Outcomes
Two studies [25, 26] assessed fear of falling by the FES [18] . Another two studies [27, 28] adopted the international version of the FES (FES-I) and another one study [24] adopted the Chinese version of the FES-I. The remaining one study [15] adopted the modified version of the FES. Three studies [25] [26] [27] assessed balance by the Tinetti mobility scale (TMS) and one [28] used the functional reach test.
Methodological quality
The quality of the included studies varied (please see Table 2 , Appendix 3, in the supplementary data , available in Age and Ageing online). Five studies [24] [25] [26] [27] [28] reported adequate random sequence generation, and four [24] [25] [26] [27] reported adequate assessor binding. Five studies [15, [24] [25] [26] 28] were assessed at low risk of attrition bias. All the six included studies were rated at low risk of reporting bias and other bias. However, all the six included studies had high risk of performance bias due to the lack of blinding between research personnel and participants that probably could lead to the overestimation of true effects of CBT.
Quantitative data analyses
Effects of CBT intervention
Fear of falling Figure 2 summarizes the immediate betweengroups effects of CBT compared with control conditions. Our analysis of five studies [24] [25] [26] [27] [28] revealed a significant (P < 0.001) small effect size of 0.33 (95% CI 0.21-0.46) in favour of CBT compared with control with no significant heterogeneity (I 2 = 0%, P = 0.793). For the shortterm retention effect (<6 months) (please see Figure 3 , Appendix 4 in the Supplementary Data, available in Age and Ageing online), our analysis (n = 4) [24] [25] [26] 28] showed a significant (P = 0.002) small effect size of 0.25 (95% CI 0.09-0.41) in favour of CBT with no significant heterogeneity (I 2 = 0%, P = 0.679). For the long-term (≥6 months) retention effect, our analysis (n = 2) [27, 28] showed a significant (P < 0.001) small effect size of 0.37 (95% CI 0.21-0.53) in favour of CBT with no significant heterogeneity (I 2 = 0%, P = 0.975).
Balance
There was no effect of CBT on balance immediately following the trial, but a small effect of 0.18 (95% CI 0.02-0.33, P = 0.031) at the short-term (<6 months) follow-up. We did not calculate the long-term (≥6 months) effect as only one study [28] with last follow-up ≥ 6 months.
Subgroup analysis
Only adequate number of trials (n = 5) was available for the subgroup analysis for the immediate effect of fear of falling. Our analysis (please see Figure 2 . Meta-analysis and forest plots of (A) five studies using CBT for fear of falling immediately after the interventions ended and (B) four studies using CBT for balance immediately after the interventions ended.
(individual versus group-based intervention) revealed a significant difference (Q = 0.200, df = 1, P < 0.000). Group-based interventions showed a significant (P < 0.000) small effect size of 0.29 (95% CI 0.00-0.36), revealing a weaker effect than individual based interventions, which displayed a significant (P = 0.013) small to moderate effect size of 0.35 (95% CI 0.20-0.51).
Sensitivity analysis
With one trial [24] compared Tai Chi with and without CBT removed, the immediate effect (g = 0.34, 95% CI 0.20-0.48, P < 0.001) of CBT on fear of falling remained and the shortterm (<6 months) retention effect on fear of falling increased from g = 0.25 to g = 0.28 (95% CI 0.10-0.46, P = 0.002).
There was no effect on balance immediately following the trial and at the short-term (<6 months) follow-up (please see Figure 4 , Appendix 6, in the Supplementary Data, available in Age and Ageing online).
Publication bias
Less than 10 trials were identified, thus the Fail-Safe N analysis was performed and indicated that the required number of missing studies to bring the P-value > 0.05 (immediate effect on fear of falling) was 27.
Discussion
Our results suggest that CBT with components of cognitive restructuring, promotion of physical activities, and goal setting, is effective in reducing fear of falling immediately with retention effect up to 12 months. It also demonstrated effects on enhancing balance at <6 months follow-up when compared with control conditions. Subgroup analysis suggested that the effect of group-based CBT may be weaker than individual CBT on reducing fear of falling. Our findings demonstrate that the immediate effects of CBT on reducing fear of falling (Hedges' g 0.33, 95% CI 0.21-0.46) are comparable to the use of exercise therapy alone (SMD 0.37, 95% CI 0.18-0.56) [14] . Besides, the retention effect of CBT on reducing fear of falling is superior to the use of exercise therapy alone at <6 months post-intervention (SMD 0.17, 95% CI −0.05 to 0.38) and ≥6 months postintervention (SMD 0.20, 95% CI −0.01 to 0.41) as reported in Kumar et al. [14] systematic review and meta-analysis.
The positive effects of Tai Chi in reducing fear of falling and improving balance self-efficacy have been demonstrated in previous studies. However, in Liu study, group of 64 participants received 8 weeks of Tai Chi combined with CBT training did not report better performance in fear of falling (mean difference: −0.46, 95% CI: −2.74 to 1.81, P = 0.69) and balance (mean difference: 0.58, 95% CI: −0.28-0.49, P = 0.58) than those who received Tai Chi training alone. As the mechanism of CBT is to alter maladaptive believes and direct to adaptive behavioural changes by cognitive restructuring techniques, CBT delivered in form of 10-11 participants per group in Liu study might possibly jeopardise the treatment effects. Findings in Liu study should be interpreted with considerations to the design of training and future trials are needed to re-examine the augmenting effect of CBT as an adjunct therapy to customary exercise.
Our findings also revealed no statistically significant effect of CBT on enhancing balance immediately after the intervention but at <6 months post-intervention. One possible explanation is that one of the objectives of CBT is to safely increase participants' level of daily activities. It is different from ordinary health promotion techniques focusing on information giving in which the treatment effect is expected to diminish over time. Instead, CBT emphasises on establishing habitual behavioural patterns. Thus, the improvement in balance could only be observed after a certain period of time after the participants had increased their levels of daily activities. However, one of the larger trials [27] in our analysis did not have 6 months post-intervention follow-up information and all the five included studies did not have ≥6 postintervention follow-up information on balance improvement. It could have limited our findings if the effect of CBT on improving balance occurs at later stage after intervention.
Another important factor implicated in studies on the fear of falling is fear avoidance behaviour, which refers to the restriction of physical activities due to impaired confidence in maintaining balance during physical activities. However, only one of the included studies examined the effects of CBT on this aspect, with significant reductions revealed at 5-month follow-up (adjusted mean difference = −2.38, 95% CI −∞ to −1.12; P = 0.001) and 12-month follow-up (adjusted mean difference = −2.67, 95% CI −∞ to −1.37; P = 0.001). We recommended that future RCTs with larger sample sizes should investigate this aspect.
Limitations
This study has several limitations. Our review only included studies with older adults and excluded those with specific medical conditions or disorders, and all the included studies excluded participants with impaired cognitive function. Thus, the results may not be generalisable to frail older adults with impaired cognitive function and/or chronic illness. The findings of this study might also have been affected by high risk of performance bias due to the infeasibility of blinding participants and therapists owing to the nature of intervention, and high risk of publication bias due to the small number of included studies for statistical analysis by funnel plots and Egger's regression test. Moreover, the differences among CBT treatments might have contributed to clinical heterogeneity even though statistical homogeneity of effect size was suggested by homogeneity testing (I 2 and Q-statistics). Although the core CBT element, cognitive restructuring, was embedded, the CBT interventions varied across studies in terms of the number and duration of sessions, delivery format, treatment contents and therapists' background. Furthermore, we may have missed studies that did not explicitly stating 'CBT' or 'cognitive behavioural therapy' in the title and abstract. In addition, before we did the meta-analysis, we did not consider to adjust the P-values under the false discovery rate method with Bonferroni correction or compute the power level of all included studies which was equal to one-Type II error that might result in high false positive rate (Type I error). In other words, the power of some included studies may be too low to detect the true underlying significant effect of intervention and this might affect the validity of our metaanalytic results. Finally, given the vulnerability of overall effect size revealed by the Fail-Safe N test, a small number of future studies with null effect might alter the findings of this study and we may have overestimated the intervention effects due to the small number of trials included [29] .
Conclusion
This study is the first systematic review and meta-analysis of CBT on reducing fear of falling and improving balance among older people. Our results suggest that CBT interventions have significant immediate and retention effects up to 12 months on reducing fear of falling, and 6 months post-intervention effect on enhancing balance among older people. Based on our findings, a sample size of at least 190 participants is recommended for future research with three-arm comparisons of CBT, exercise therapy and CBT with exercise therapy.
Key points
• Fear of falling is common among older people and associated with poor health outcomes.
• Previous studies reported that exercise therapy has small effect on reducing fear of falling.
• Although the benefit of psychological intervention, namely the cognitive behavioural therapy (CBT), on reducing fear of falling was demonstrated in previous studies, the effect on improving balance has not been systematically reviewed and synthesized.
• Our study revealed that CBT has a small effect on reducing fear of falling immediately post-intervention and retained up to 12 months, and effect on improving balance revealed at 6 months post-intervention.
• The use of CBT as an adjunct therapy to existing physiotherapy to reduce fear of falling and improve balance is warranted for future research.
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